Abstract: This paper aims to quantitatively assess water losses of Badovc Lake-Kosovo based on both water balance of the lake and water hydrochemistry. This attempt was strongly prompt by both the importance of this lake for water supply of Prishtina city and the lack of water. According to lake water balance, a water loss of 3,738,905 m³ and 1,722,552 m³ for the hydrologic year 2014 and the period January-May (2015) was evaluated. These consistent data favour the opinion that a continuous groundwater outflow from the lake is present and it is conditioned by the intensively developed fracture system in the lake basement formations. This was also supported by the chemical data (chloride, sulphate, hardness and electric conductivity etc.) of the water. Water from the leakages on the right side of the dam shows the same chemical signature as the water from the lake. Whereas, water from the piezometer, monitoring well and the gallery of Hajvalia mine show similar values with those of the water from the lake. The calculations of the chloride mass balance showed that the fractions of lake and rainfall waters in the water mixture of Hajvalia mine were 67% and 33% respectively.
Introduction


The Lake of Badovc represents the main source for drinking water supply of Prishtina city. It was built in 1965 along the course flow of Graçancariver (Fig. 1) . The geological formation where the dam is located is mostly composed of altered and fissured serpentinites with subordinate phyllite schist, clastic formations and gabbro-diabase rocks. A tectonic zone dipping just vertically is developed beneath the dam [1] . The catchment area of Badovc basin is about 104.1 km² and lies between elevations 608 m and 1,200 m above sea level. It is characterized by a high vegetation cover where 90% are forests.
Three rivers (Mramor, Slivov and Androvina) drain their waters into Badovc Lake. The maximum values of surface and volume that correspond to water level 649.75 m.a.s.l. are 1.72 km² and 25,590,000 m³ respectively. The average historical rainfall was 647.36 mm [2] , whereas the monitored rainfall for 2014 and the period January-May (2015) was 859.95 mm and 345.27 mm respectively. A difference of 3,738,905 m³ water in the lake water balance for the year 2014, between inflows and outflows, was attributed to water losses from the Lake [3] [4] [5] [6] . A water loss of 1,722.522 m³ was found in the lake water balance for the period January-May, 2015 too. Two groundwater emergences along the right slopes of the dam represent the best visible groundwater outflow from the lake (Fig. 2) .
Drainage of lake water to mine voids was also confirmed by the data of water chemistry. In particular, the conservative ion of chloride was applied to show the hydraulic connection between lake and other hydrologic components of the watershed. According to results of chloride mass balance, 67% of the Hajvalia mine water comes from the lake, while 32% from the rainfall. This investigation will help the decision making authorities to better manage the water of the lake and to undertake measures to prevent further loose of the water.
Material and Methods
A digital Hydrographical Echo Sunder-HydroBox 2010 device, with measuring frequency every 5 sec was used for generating bathymetric data which were then interpolated by the Arc-GIS for the construction of the Lake bathymetry. In 2013, four manual rain gauges with diameter 250 mm have been installed for a daily monitoring of the rainfall in the basin. A continuous geodesic survey was applied for the monitoring of water level variations in the lake. The evaluation of the rivers flow was made across 
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Assessment of Water Losses from Badovc Lake, Kosovo: Hydrochemical Implications 251 hydrometric regular profiles where the water speed was measured with Flowatch-JDC instrument. The daily abstraction of water from the lake was provided by water supplier of Prishtina. Amount of evaporation is made with a measurement standard evaporation pan located close to lake.
Water samples from all the hydrologic components of Badovc lake were taken: four (B-4, B-5, B-6 and B-7) from the lake, two (B-9 and B-10) from leakages on the right side of the dam, two (B-12 and B-19) from the boreholes and two (B-13 and B-16) from the mine (Fig. 3) 
Results and Discussion
Hydrology of Badovc Basin
During the period 2013-2015, several measurements of rainfall, water flows and evaporation etc. were made at Badovc basin aiming to determine water balance at the Lake. The bathymetry survey of the lake bottom was accomplished in October 2013.
At the end of this survey, the bathymetry model ( Fig.  3 ) of the lake was constructed and the volume and surface curves were generated. In addition, a volume of 1,000,000 m³ mostly fine sediments was deposited on the bottom of the lake (near the dam) since its closure, which represents a depletion of 3.9% of the total (25,590,000 m³) water storage capacity of the lake. Annual amount of rainfalls for 2014, calculated according to the method of Thissenit [7] was 870.28 mm. Whereas, during the observation period January-May (year 2015) was 345.27 mm ( Fig. 1 , Table 1 ).
Water Inflow and Outflow of the Lake
The annual water inflow into the lake for 2014 was 22,577,663 m³ [3, 4] and it comprises: (i) River flow to the Lake (VS); (ii) Volume of runoff from the catchment (VR); (iii) Volume of direct precipitation on the lake (VP) and groundwater inflow (VGI). For the first five months January-May (2015), water inflow was 21,765,060 m³. The total volume of water that flew into the lake through three independent perennial tributary rivers (VS) during the above observation period (January-May, 2015) was 18,493,705 m³ and represents about 85% of the total water inflow into the lake (Table 2 ). In the same period, the direct surface runoff flow (VR) to lake [8] is 2,738,508 m³ and represents about 12.7% of the total runoff of the Badovc basin. The volume of rain water (VP) falling direct over the lake surface was estimated to be 502,847 m³ and represents about 2.3% (Table 2 ) of the total water inflow. The water outflow from the lake is comprises of evaporation from the lake surface (VE), water abstraction (VA) and infiltration of water from the lake bottom (VGO). The overflow from the lake (VOF) represents an additional component of the water outflow from the lake.
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The total volume of water outflow from the lake over the hydrologic year 2014 was 11,494,758 m³ [4] , while for the first five months January-May (year 2015), water outflow was 10,356.508 m³. Water abstracted from the lake (VA) during the above period, used for household purpose was 5,162,333 m³ ( Table  3 ). The volume of water evaporated from the lake surface (VE) for the same period was 439,740 m³ and represents 252 mm. Groundwater flow to (VGI) or from (VGO) the lake is an important component of the lake water balance and the most difficult to quantify as it cannot be measured directly [9] .
The designed water infiltration from the lake dam for January-May (year 2015) was 56,246 m³ (Table 3) . During the month March-April (year 2015), an amount of 4,698,188m³ overflew (VOF) the dam of the lake because the water level in the lake raised above its maximum level (Table 3) .
Lake Water Balance
The water balance equations are based on the premise that the difference between water inflow and water outflow over a given time period for the hydrologic system of a lake must equal to the change in water storage in that system [10] . All of lake water gains and losses and the corresponding changes in the measured lake level over the above period are taken into account in order to compute the lake water budget, as it appears in Eq. (1) [9] : ∆ (1) Where, ΔV = change in lake volume (m³); VP = precipitation on the lake (m³); VR = surface runoff from the catchment (m³); VS = stream flow to the lake (m³); VGI = groundwater inflow to the lake (m³); VA = abstraction from the lake (m³); VE = water evaporation from the lake (m³); VGO = groundwater outflow from the lake (m³); VOF = overflow from the lake (m³). Changes in the water volume of Lake are calculated based on the fluctuations of water level in the Lake which, in turn, are a function of the balance between precipitation on the lake, runoff to the lake, evaporation, abstraction and groundwater outflow from the lake [11] . Water volume in Badovc Lake on January 1, 2014 was 9,509,000 m³ while on December 31, 2014, it was 16,853,000 m³ that corresponds to water level 637.15 m and 643.60 m.a.s.l (Fig. 4) respectively. In May 31 2015, water volume was 26,539,000 m³ (Table 4) that corresponds to water level 649.70 m.a.s.l (Fig. 4) . The change of water volume in 2014 was 7,344,000 m³ while in January-May (year 2015) was 9,686,000 m³ (Table 4 , Fig. 5 ).
Water Loss from the Lake
The results of Badovc lake water balance in 2014 showed that a difference in water volume of 3,738,905 m³ between inflow into the Lake and outflow from the Lake existed. This amount represents about 17% of annual inflow into the Lake for 2014 and is considered as water loss from Lake [3, 4] . The water loss during the period January-May 2015 was 1,722,552 m³ (Table 4 ) which is similar with that found for the same time period of the year 2014. Such a consistent difference in the water balance of the lake confirms that a continuous groundwater outflow from the lake happens and it is conditioned by the intensively developed fracture system.
Chemical Evidences of Water Lose
The above groundwater outflow, which represents the water loss from the Badovc Lake, was considered to drain mostly into the Hajvalia mine voids [3] [4] [5] . In order to confirm this opinion, the data of chemical analysis from several hydrological water components of the Badovc watershed were confronted. In general, solutes that are present in groundwater are derived from two main sources [12] : (1) inputs from atmospheric precipitations and (2) acquisition during weathering and water-rock interaction. According to their behaviour, the chemical signatures are divided into inert and reactive tracers and they may be used effectively to derive physical parameters such as recharge rates and mixing [13] . Among the inert tracers, chloride is the most useful because it is highly mobile and is not involved in the common geochemical reactions that occur in groundwater. In addition, chloride is a conservative element with a mobility in water very similar to the water molecules [14] . Based on the chloride content in the sampled waters (Table 5 , Fig 6) , it may be seen the strong influence of the lake water in the waters from leakages on the right side of the dam, piezometer and Hajvalia mine gallery. At the same conclusion could be arrived considering the content of sulphates and values of general hardness and electric conductivity of the water (Table 5 , Figs. 7-9 ). Thus, water from the leakages, piezometer and Hajvalia mine gallery may represent a mixture between lake and rainfall waters. In this case, mixing between two waters may often be estimated from a simple mass balance as from Herczeg and Edmunds [13] :
Where, [Cl] M is the Cl concentration in the mixture (water of Hajvalia mine gallery), x is the fraction of water A (rainfall water, Cl = 1.92 mg/L)) and 1-x is the fraction of water mass B (lake water, B-4, B-5, B-6 and B-7). With assumption that the mixing process is conservative with respect to solutes, water fractions of rainfall and lake mixed to give water of Hajvalia mine gallery were evaluated to be 33% and 67% respectively. In the case of water leakages (B-9 and B-10), the fractions of rainfall and lake water are estimated to be 8% and 92% respectively, showing a stronger influence of the lake water. The fractions of lake and rainfall water in the mixture depends on the seasons when the measurements are made. One could expect higher influence of water from lake during the drying periods and vice versa. Finally, the extent of lake water influence in other water drainages is conditioned by the permeability of fracture systems that serves as pathways for ground water flow.
Conclusions
The lake of Badovc is characterized by a consistent water loss caused by the groundwater outflow from the lake thanks to intensive fracture system developed The water from the gallery of Hajvalia mine represents a mixture of lake and rainfall water in proportions 67% and 33% respectively.
